This paper is concerned with the one-dimensional free boundary problem for quasilinear reaction-diffusion systems arising in the ecological models with N-species, where some of the species are made up of two separated groups and the mankind?s influence is taken into account. In the problem under consideration, there are n free boundaries, the coefficients of the equations are allowed to be discontinuous on the free boundaries and the reaction functions are mixed quasimonotone. The aim is to show the local existence of the solutions for the free boundary problem by the fixed point method, and the global existence and uniqueness of the solutions for the corresponding diffraction problem by the approximation and estimate methods. MSC: 35R35; 35R05; 35K57; 35K20
Introduction
For some animal species, different groups may live in different habitats separated by free boundaries (see [] ). For the case of one-species and one-dimensional, Kim and Lin [] proposed a model to describe the evolution of the free boundary. In this paper, we consider the one-dimensional ecological models with N -species where the mankind?s influence is taken into account. Assume that there are N species sharing the same habitat, the onedimensional domain (, d). For some  ≤ n ≤ N , assume further that each of the n species is divided into two groups, whereas each of the rest of N -n species has a single group.
To describe the free boundary problem, we introduce some notations:
= (, d) × (, T] is the open rectangle (and upper horizontal line).
Q T is the entire closed rectangle. S T is made up of the closed left and right boundaries of Q T .
l T := {(x, t) : x = ϕ l (t),  ≤ t ≤ T} is the free boundary for species l, l ∈ {, . . . , n}.
Q l-
T := {(x, t) :  < x < ϕ l (t),  < t ≤ T}, Q l+ T := {(x, t) : ϕ l (t) < x < d,  < t ≤ T} are the subdomains of Q T separated by l T , l ∈ {, . . . , n}. Q k,T := {(x, t) : ϕ k- (t) < x < ϕ k (t),  < t ≤ T} is the region between consecutive boundaries, k ∈ {, . . . , n + }, where ϕ  (t) ≡ , ϕ n+ (t) ≡ d for  ≤ t ≤ T.
Let u l = u l (x, t) be the population density of the lth species. For any l ∈ {, . . . , n}, the diffusion coefficients of the lth species in ((x, t) ∈ Q T ), l = n + , . . . , N.
Assume that for each l ∈ {, . . . , N}, harvesting rate or stocking rate for the lth species depends on its density and flux. Using the principle of conservation, we conclude that the vector functions u = (u  , . . . , u N ) and ϕ = (ϕ  , . . . , ϕ n ) are governed by quasilinear reactiondiffusion equations 
. . , N ) represent the mankind?s influence, and G l (x, t, u) (l = , . . . , N ) are the reaction functions defined by (see the example in Section )
Here and below,
On the parabolic boundary, u is required to satisfy the condition
For each l ∈ {, . . . , n}, on the free boundary l T , assume that the density and the flux are continuous (see [] ). By the conservation law of population, the rate of increase of population ϕ
represent the limits of u l from left and right for the space variable, respectively. Then u and ϕ are required to satisfy the free boundary conditions
Condition (.) is used to describe the rates of change of the free boundaries. The motivation to deal with problem (.a)-(.) are some real processes. For example, consider -species system with two predators and two preys, where two predator species comprise two groups of wolves and two groups of lions, two prey species comprise a herd of sheep and a herd of horses, and four species share the same habitat. In each of predator species, the two groups live in different habitats separated by a free boundary and have different diffusion coefficients and biological habits. Then this ecological system can be described by problem (.a)-(.).
The aim of this paper is to investigate: (i) the global existence and uniqueness of the solutions for diffraction problem (.a)-(.); (ii) the local existence of the solutions for problem (.a)-(.).
The free boundary problems often appear in different fields, such as physics, ecology and chemistry. They have been investigated extensively in the literature (see [-] and the references therein). For the free boundary problems of single equations, the linear problems describing the flow of fluids in a one-dimensional porous medium were studied by Kamynin Since for any given ϕ(t), problem (.a)-(.) is a diffraction problem, we must first investigate the corresponding diffraction problem. In the study of diffraction problem, 
. The rest of this paper is organized as follows. In Section , we state the notations, definitions, hypotheses and main results. Section  is devoted to investigating the global existence and uniqueness of the solutions for the corresponding diffraction problem (.a)-(.). Section  is concerned with the local existence of solutions for the free boundary problem (.a)-(.) by Schauder?s fixed point theorem. Finally, in Section we give an example.
The notations, hypotheses and main results
Fist, let us define some basic function spaces (see [] )
equipped with the norms
respectively, where D ⊂ R is an arbitrary interval. V  (Q T ) is the Banach space consisting of all elements of W ,  (Q T ) having a finite norm
is the spaces of Hölder continuous functions inQ T with exponent α ∈ (, ).
The product function spaces with N -components of W
, respectively, and the product function spaces with n-components of W
.
Let us recall the following definition. Write the vector u in the split form
and rewrite the functions f l as
where
vector with σ number of component of u. The split form of u varies with respect to l and is determined by the quasimonotone property of f l given as follows. 
Throughout the paper we make the following hypotheses:
. . , N , are all positive functions, and they possess the following properties: for some constants α  ∈ (, ) and
(ii) There exist constant vectors M :
Hypothesis (H)(i) implies that there exists a positive constant μ  such that
Hypothesis (H)(ii) is used to guarantee the existence of the coupled weak upper and lower solutions for the approximation problem of (.a)-(.). (H)(iii) shows that on Q T the coefficients of the equations are allowed to be discontinuous, but on Q k,T the reaction functions are required to be independent of (x, t) and have Hölder continuous derivatives with respect to u, and on Q l-T and Q l+ T the remaining coefficients of the lth equation are also required to be independent of (x, t) and have Hölder continuous derivatives with respect to u. For convenience, let 
and (.) holds for t ∈ (, T].
Throughout the paper, 
for some δ > , then the corresponding diffraction problem (.a)-(.) has a unique solution u in S . Moreover, the following estimates hold:
and satisfy (.), and if u  , u  are the solutions in S corresponding to ϕ  and ϕ  , respectively, then 
Theorem . Let hypothesis (H) hold. Then there exist T >  and a pair of vector functions u(x, t), ϕ(t), such that {u(x, t), ϕ(t)} is a solution to free boundary problem (.a)-(.).

The corresponding diffraction problem
Let ϕ(t) be given and let (.) hold for some δ > . The aim of this section is to prove Theorem ..
An approximation problem
We will construct an approximation problem of (.a)-(.). We first construct some approximation functions. For an arbitrary ε > , choose
Let s ε = s ε (θ ) be a smooth function with values between  and  such that |ds ε (θ )/dθ | ≤ C/ε for all θ ∈ R, s ε (θ ) =  for θ ≤  and s ε (θ ) =  for θ ≥ ε, and let 
Then according to hypothesis (H)(ii) and (iii), it follows that the vector function
In addition, it is obvious from (.) that
whereQ T ,Q τ ,T are the closure of Q T and Q τ ,T , respectively. Thus by (.) and the definition of functions z ε,k (x, t), an argument similar to the one used in [, Lemma .] shows that 
Then hypothesis (H)(i) and [, Chapter II] imply that
and (.) and (.) imply that
Employing the above approximation functions, we consider the following approximation problem:
Lemma . Problem (.) has a unique classical solution u ε in S , and the following estimates hold:
where constants α  and C are independent of ε.
Proof In [], by using the method of upper and lower solutions, together with the associated monotone iterations and various estimates, we investigated the existence and uniqueness of the global piecewise classical solutions of the quasilinear parabolic system with discontinuous coefficients and continuous delays under various conditions including mixed quasimonotone property of reaction functions. The same problem was also discussed for the system with continuous coefficients without time-delay. It is obvious that problem (. To prove (.), we first fix l ∈ {, . . . , n}. In view of (.), (.), (.) and (.), we find that u l ε is the solution of the following problems for single equation: We next prove (.). For any fixed l ∈ {, . . . , n}, let
and let
By a direct computation we have
(.) Then (.), (.), (.) and (.) imply that the function q = q(y, t) satisfies
A double integration by parts gives
Thus multiplying the equation in (.) by q t , integrating it on E l τ and using (.), (.), (.) and (.), we find that
Furthermore, by (.)-(.), (.) and Cauchy?s inequality, we deduce that for anyσ > ,
Choosing σ = ν/, we get
This, together with Gronwall?s inequality (see [ , Chapter II, Lemma .]), implies that
Hence we deduce from (.), (.), (.) and (.) that
which, together with (.), yields (.) for l ∈ {, . . . , n}. For any fixed l ∈ {n + , . . . , N}, we consider the equality
A similar argument gives (.) for l ∈ {n + , . . . , N}. Therefore, (.) holds for all l ∈ {, . . . , N}.
It remains to prove (.). For each
Thus (.) holds.
Lemma . Let u ε  (x, t), u ε  (x, t) be the solutions in S for problem (.) corresponding to ϕ ε  (t) and ϕ ε  (t), respectively. Then
Proof Let w = (w  , . . . , w N ) = u ε  -u ε  , and let l ∈ {, . . . , N} be fixed. We see from (.)
In view of (.), we find w l (, t) = w l (d, t) = . Multiplying the equation in (.) by w l and integrating by parts on Q τ , we deduce that, for any τ ∈ [, T], 
